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INVESTIGATION  OF  MIXTURES  OF  HYDRAZINE,  HYDRAZINE 

NITRATE  AND  WATER 


Quarterly  Progress  Report,  3rd  Quarter 
Prepared  by 

R«  D,  Dviggins,  B«  F.  Larrlok  and 
Es  P0  Davis 


ABSTRACT*  Investigations  being  pursued  during  the  fiscal 
year  1953  include  the  following  topics*  (1)  Reaction  rate 
studies  at  high  pressures,  (2)  Ignition  studios,  (3)  Stability 
and  compatibility  of  solutions,  Xh)  Impetus  measurements,  and 
(5)  Deto~  ’>• — ity  3 Equipment  Is  now  being  received  for  burning 
rate  *oudies  at  pressures  up  to  30,000  psi0  The  bomb  and 
apparatus  for  reaction  rato  studies  at  prossuros  up  to  100,000 
psi  have  been  installed  and  are  being  tested,,  An  ignition 
study  bomb  was  designed  and  preliminary  tests  are  being  made0 
Stability  and  compatibility  testa  have  been  continued  at 
ambient  temperature  and  a modified  apparatus  is  described  for 
extending  these  boats  to  16£0F0  A method  Is  presented  for 
applying  heat  loos  corrections  to  the  maximum  pros/mres  obtained 
In  Domo  firings 0 This  will  permit  more  reliable  determination 
of  impetus o Further  data  obtained  in  the  evaluation  of  methods 
for  analysis  of  hydrazine,  ammonia,  and  hydrazine  nitrate 
nuctures  are  prorentedo 
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The  material  presented  In  this  Report  was  obtainod  under 
Task  N0L~Re2d-12-l -52,  Liquid  Propollants  for  Guns,  This 
Report  is  in  the  nature  of  a progress  report  covering  the 
period  from  1 July  to  30  September  1952Q  Since  those  inves- 
tigations are  continuing,  tho  data  and  conclusions  presented 
should  be  regardod  as  tentative  ponding  completion  of  the 
project* 
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(c) 
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INVESTIGATION  OF  MIXTURES  OF  HYDRAZINE,  HYDRAZINE 

NITRATE  AND  WATER 


INTRODUCTION 

1.  The  Laboratory  by  reference  (a)  was  assigned  a general 
task  for  the  investigation  and  evaluation  of  liquid  propel- 
lants for  guns*  Work  eomploted  has  been  reported  in  references 
(b)  arid  (c)*  The  program  for  the  fiscal  year  1953  includes 
the  following  topics:  (1)  Investigation  of  reaction  rates  at 

high  pressures,  (2)  Ignition  studies,  (3)  Stability  and  compat- 
ibility of  solutions,  (k.)  Impetus  measurements,  and  (5) 
Detonability  investigations* 


Part  I - Reaction  Rate  Studies  at  High  Pressures 

2*  Reaction  rates  will  be  determined  by  burning  a column  of 
the  hydrazine-hydrazine  nitrate  solution  and  measuring  the 
velocity  of  the  advancing  reaction  front*  The  tests  will  be 
conducted  in  a large  volume  bomb  pro -pressurized  to  selected 
pressures  with  nitrogen  or  helium.  In  this  way  quantitative 
data  on  the  variation  of  burning  rate  with  pressure  may  be 
obtained*  This  work  will  be  divided  into  two  parts*  The 
first  experiments  will  be  conducted  at  pressures  from  5,0 00 
psl  to  30,000  psi,  while  the  second  part  of  the  work  will 
determine  burning  rates  at  pressures  from  30,000  to  100,000 
psi  In  a specially  designed  high-pressure  bomb* 

3*  The  bomb  to  be  used  for  burning  rate  studies  at  pressures 
up  to  3O-OOO  psi  has  a volume  of  84c  cc.  This  volume  may  be 
varied  by  placing  inserts^pto  the  cavity.  The  pressurizing 
gas  will  be  drawn  from  regular  cylinders  and  compressed  by  a 
motor-driven  gas  booster  pump  to  the  desired  operating  pressure* 
The  solution  to  be  tested  will  be  placed  In  a polystyrene  or 
glass  tube  through  which  fine  copper  wires  are  sealed  at 
one-inch  Intervals*  Small  resistors  are  arranged  around  the 
sample  tube  and  connected  to  the  burn-out  wires  so  that 
breaking  of  a wiro  will  produce  sufficient  signal  to  be 
pictured  on  tin  oscilloscope.  The  details  of  this  arrangement 
are  given  in  Figure  1.  The  burning  rate  tube  will  be  potted 
into  a 1”  pipe  which  can  be  inserted  into  a well  In  the 
bottom  of  the  bomb.  Electrical  contact  through  the  cap  o.? 
the  bomb  is  provided  by  two  electrodes.  The  esp  Is  held  by 
eight  3/4"  bolts.  The  pressurizing  pump  and  accessories  sre 
scheduled  for  early  delivery  so  that  work  can  soon  progress 
on  this  phase. 

4o  Installation  of  the  very  high-pressure  bomb  and  pressurizing 
equipment  has  been  completed.  On  completion  of  preliminary 
tests,  this  apparatus  will  be  rerdy  for  operation* 

1 
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Part  II  - Ignition  Studies 

It  Is  intMd?i10hhlPitl?n  lnyeatlgatloa»  has  been  planned. 
to 

Vi?0h  18«ltion  Is  sustained.  LiP  k? 
r«?A  i f loading  density  In  influencing  the  burning 
rate  and  maximum  pressure  obtained*  B lng 

biowTtlre*°  ^ 

wi^in^easonabl^iimi tsTe8Ihus8it^wiiiebe °do  ?on^ro^^®^ 

«=«diS|linilSn‘“lM  *PPr°«hin«  UO  wl  thout^reechlnffPerat* 

Preasure-tlnie  traces  will  be  recorded  JilnB  2 Abakan 

An^sMeV^^-ofsg: 


Part  III  - Stability  and  Compatibility  Studies 

nitrate  and  rater  With  nol^thel»r2  “Tdraaine,  hydratine 
teflon,  aluminum  and  tit2ni^h?i  Sf T polystyrene,  nylon, 

a aruas  fflHnsa3*S&«s. 


Solution  cJc  Hydrazine 


W 

X 

Y 

Z 


n$ 

i?*9 


% Hydrazine 
Nitrate 

0.0 

18.1 

784 

45.3 


%.  \7ater  % Ammonia 


1.9 

3.0 

1.8 

94 


0.7 

0.5 

0.2 

0ok 


8.  Each  piece  of  material.  "\/Rn  * i.n  — •>  /on  _ 

waa*piaced  i^a  ^'tuba 
Praaauraa  are  read  ?ro£  ...S^'ea  t hen  sealed  off, 
Into  the  flaak. 


t wnxen  was  then  sealed  off. 
.rom  an  open  tube  mercury  manometer  sealed 


2 

CONFIDENTIAL 
SECURITY  INFORMATION 


CONFIDENTIAL 
NAVORD  Report  2715> 


«*SI  of ESSiS 

or  weight  Rnd  physical  dimensions  before  and  after  teat, 
jod  (4.  by  analysis  of  the  solution  before  and  after  the 
2 ■iRnlfloant  index  of  oomoatibUity 

2riX  (i!  (i>*  Tha  «“  evolution  for 

4478  at  room  temperature  is  shown  in  Figures 

Ltn  liLS®  IA?rea;aJ8  th*  ***a  for  those  tests  Sa?  h^! 

Z were °di s oont Lau ed.1beoa2e 8 of  ^b^aka^e11^ IIother  * SfiS1?1 

^oause^^the  r^id^T  solution  Z was  discontinued*0 

Deoause  of  the  rapid  rate  of  pressure  rise  in  the  svstem 

oontrol  solutions  have  been  oontinued.  The  * 
quantities  of  gas  evolved  for  the  last  100  davs  of  ohnn-nva 
on  or  all  the  teats  still  continuing  ape  given  In  Table'll. 

«d  ^oTJ^toc^a"bir,wlS1T^ea51^St?e^ 

with0 aluminum11 

Part  IV  - Impetus  Measurements 

& b^nX1rta.ftoa?e1?ereSf(b}nr-^df,"lne  nltMt‘  ■»***»"» 

laaxiraum  pressures  obtained  2 oi  oil,  l these  measurements  the 

by  the  vSlumT^  the  ve?2l  to  wora  ™*tiplied 

These  values  would  mov*a  mao  - approximate  impetus  values. 

pradloatlona  taSd  Sn  !dlaS?c°?^P^it0  2“  th'^etloal 

applied*0 "crow  to  hea.t  *»•  — . 

^^JSSi-SS.'JStRT 

Alternatively,  th^ USbJ^fiTXSS.SrtSttt'S  'ST??*’  . 

SK^aST?*  the  -“^“tSty  0Prp8r”lf?LraS04^erent 
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12,  The  equation  of  state  may  then  be  written 

*VW  “ \m- ' Vp 

where  P - corrected  observed  pressure 
v0  " volume  of  empty,  closed  bomb 
Wp  ” weight  of  liquid  charge 
"hp  - covolume  per  unit  mass  of  propellant  gas 
Pp  - impetus  or  force  constant  of  the  propellaat 

gss: 

SI  Vita“!erent  loaain* 

P(Te-  - W/l 

lm  * charge  WD  °f  propellant  and  charge 

of  igniter  W±,  the  equation  of  state  becones, 

ft  /w  ft  A . . ^ 


'‘W^pV  • ViVp 


or  Pp  * 


SA5S  s.’^sssrtsis,*0  tte  ignition  °f  «>» 

r—  ^o^i^i^pdf^L-  Vp^iVVo 

where  | ■ the  weight  of  the  pressurising  gas 

■ covolume  of  the  gas 
P_  * pressure  of  vessel  prior  to  ignition 
Then,  solving  for  lnm«tuS> 

pP  ■ 

WP 

Part  V - Detonability  Studies 

b®i  ej^en^d^to^cover^ard  sensitivity  t”  feferanc®  («)  will 

charpe°l8  "determined  °f 

between  the  50-gram  t.?ryx 
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order  to  attenuate  the  shock  to  the  extent  tha*  the  test  • 
charge  is  not  detonated.  The  materials  for  these  tests 
have  been  assembled  and  are  awaiting  the  time  and  availabil- 
ity of  personnel. 


Part  VI  - Evaluation  of  Analytical  Methods 


Introduction 

14.  There  has  been  developed  during  the  past  year  an  analyti- 
cal procedure  for  the  determination  of  hydrazine,  hydrazonium 
salts  and  ammonia  "•Mch  ha*  been  quite  useful  for  the  analysis 
of  liquid  propellant  compositions  composed  of  hydrazine,  hydra- 
zine nitrate,  water,  and  small  amounts  of  ammonia. 

15.  The  chief  advantages  of  the  procedure  described  below  are 
simplicity  and  speed  with  adequate  accuracy.  The  procedure 
employs  successive  acidlmetiic  titrations  on  a single  sample 

a 8 follows t 

a.  Neutralization  of  the  sample  with  standard  acid  to 
determine  the  total  basic  components  (hydrazine  and  ammonia). 

b.  Reaction  of  the  hydrazonium  ion  mith  excess  acetone 
forming  dimethyls zine.  and  titration  of  the  acid  liberated 
~ith  standard  base.  This  determines  the  sum  of  free  and  com- 
bined hydrazine  (hydrazine  and  hydrazine  salts). 

N W ♦ ♦ 9CF  COCH  — *rCTO  C=NN=C (CH_  1 .+2H-0  + H*P 
2 5 3 3 3 2 J 2 * 

c.  Reaction  of  the  ammonium  ion  «ith  excess  formaldehyde 
forming  hexamethylenetetramine,  and  ♦itration  of  the  acid  lib- 
erated with  standard  base.  This  determines  ammonia. 

4NH*  + 6HCH0-^(CH?),N4  ♦ 6H20  + 4H+ 

d.  Subtracting  the  result  for  ammonia  fro-"  the  result 
for  total  basic  components  determines  hydrazine.  Subtracting 
♦he  result  for  hydrazine  from  the  result  for  ♦he  sum  of  free 
and  combined  hydrazine  determines  hydrazine  salts.  The  re- 
mainder of  the  sample  Is  assumed  to  be  rater. 


Experimental  Procedure 

16.  The  analytical  procedure  mas  evaluated  by  comparison  with 
the  direct  iedate  method  for  the  determination  of  hydrazine. 


5 
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BSMSiL ts. 

22a. 

* 

rn  Sodiu®  hydroxide  (NaOH),  C.,1386  moles  ner  ii 

IX  ll:  ftand£rdlz<,d  Naples  of  po?a:,sIL  e ’ 

to  de?erSlirf1Ss?t‘‘ndara’  U8lre  * Becto"'n  PE  ™ter 

w»siSL?5  & •»«“« 

do  A standard  solution  of  hydrazine  (v  w ' , 

•pproxtaately  5.4  grams  of  ^ per  liter,  plerdedSa^g  * 

an  ataLphoJl  o?1n1tt1rogfnVatr25  SOlf  l0I,was  kept  under 

employed  for  meLwSe  aamol«s  was 

loda  t^me  thod , ^Th  is  "mefhd  ^nvolved^he*1!*^61  ^ dr®at 

determined  Botentiometricaliv  end  P01**  vas 

electrode  pair o"Llometrlcally  using  a platinum-tungsten 

mately°lo5  grams^f  ammoni^fNHo  containing  approxi- 

against  the  standard  nitric  act’3  solutlo^61?  st?nderdlzed 
pH  meter  to  determine  2d  SoiSta,  ’ Us5rg  a Beckman 

fo  Acetone,  reagent  grade 

go  Formaldehyde  solution,  3 7*,  reagent  giade 

green,  OoO^nethv} Sredtion65€°br?nnJjfE  °f0??  tromocresol 

phenol  red,  all  dissolved biufe»  O.ofl* 

to  pH8  with  sodium  hydroxide  solution!  alcohol»  and  neutralized 

* 

Procedure 

heS&T  ''xces'  standard  nitric  add  Into 

the  add  sSdlon;%Ua?l„gat?Sahelk£  ^fpermU  raSa^d^r" 
tlon  JntoPt1Letbt.aekedn?irad  V°1Ume  °f  ■*»*"«**«  ammonia  solu- 
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Add  three  drops  of  the  indicator  solution.  The  color 

i ®olutlon  should  be  pink,  indicating  that  the  pH  is  less 
than  f.5o 

*e0  Stirring  the  solution  mechanically,  backtitrate  with 
standard  sodium  hydroxide  solution  dropwise  until  the  color 

orH2Ke-yellow,  indicating  a pH  cf  4.7. 
Record  the  milliliters  of  sodium  hydroxide  required  for  the 
bacKtitraticn. 

..**•  *dd  JO  ml  of  acetone,  and  continue  adding  standard 

s?iution*  rapidly  at  first,  to  neutralize  the 
acid  liberated  by  the  formation  nf  dimethylazine.  When  the 
SfJS*  t5e  solution  changes  from  yellow  to  green,  stop  the 

sodium  hydroxide  for  about  one  minute,  thenresume 
he  titration  dropwise  until  the  first  appearance  of  blue  in 

Sli ???£,!  a pH  of  7"®°  calculate  the 

sodiuxn  hydroxide  used  after  the  addition 
of  acetone  by  subtracting  the  milliliters  required  for  the 

£?elJ°?S  tltraJlon»  from  the  buret  reading  after  the  addition 
of  acetone,  and  record  this  value. 

and  formaldehyde  solution  to  the  beaker 

add*tion  of  standard  sodium  hydroxide  drop- 
wise,  until  the  color  of  the  solution  changes  from  green  to 
^eating  a pH  of  7.9.  Be  aura  the  PS?le*!£lSr  la 
befoJe  recording  the  milliliters  of  standard  sodium 
th2  *?T??iTJqUlr®?°  T5ls  value  is  calculated  by  subtracting^ 
bur e thread ingl  Vallies  for  the  two  Previous  titrations  from  the 

*h„  Formaldehyde  solution  is  slightly  acid.  Ten  milli- 
liters  require  about  0.3  ml  of  the  standard  sodium  hydroxide 

to  pH  determine  the  formaldehyde  blank 

by  repeating  step  g for  a few  representative  determinations 

MW f°r  ^ -limiter,  oft3tandard  30dlum 
th. 

.rSJ^n|1j3S°SS* ‘at^SS 

for  each  added  dropPnear  the^nri8?^?0^  Si  bey°nd>  recording 
represented  by  thePpSi£  S'a'Sf.SSSSv  “?  •“>  P°mt  la 


~Z7J  **  -xouuara  nitric  acid  befnrn  ZT  milJ 

acid  must  be  conaldered  ta  tte  caSittS  6'  11,18  added 

mater  aee  "ftocettoe^te-Tl"^  d*ter“lnatl°ns  uslne  the  pH 
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Calculations 


180  Lets 


* milliliters  of  standard  nitric  acid  used. 

^bk  * “llllllters  of  standard  sodium  hydroxide  used  for 
the  backtitrationo 

V - milliliters  of  standard  sodium  hydroxide  used 
after  the  addition  of  acetone <> 

» milliliters  of  standard  sodium  hydroxide  used 
after  the  addition  of  formaldehyde. 

^v.-*  * milliliters  of  standard  sodium  hydroxide  used 

for  the  formaldehyde  blank. 


Then, 


Holes  of  total  » cl888  V 


Moles  of  NH  « 


1000 

<>1888  (Vf  - Yb.) 


1000 


Moles  of  NH^  » free 


.1709  Vw”.  1888V- 


bk 


(1) 


(2) 


(3) 


1000 


Moles  of  free  N^H^ 

Moles  of  N„H  * 

< 5 


(3)  - (2) 
(1)  » (4) 


19o  The  ©nd  points  for  the  first  five  samples  used  in  the 
evaluation  of  the  analytical  procedure  were  determined  with  a 
Beckman  pH  meter.  These  results  are  given  in  Table  III.  The 
values  presented  in  Table  IY  were  obtained  by  using  the  colori- 
metric  indicator  mixture  to  determine  end  points.  Figures  10 
and  11  snow  representative  titration  curves  obtained  by  plotting 

SLTJSStSPJSJ*  milliliters  of  stsr.isri  sediua  hjdxcLde  sol-j? 
tlon  for  the  three  titrations  performed  on  a single  sample. 

The  mixed  indicator  used  was  found  to  give  sharp  color  changes 
at  the  pH  values  corresponding  to  the  inflection  points. 

Discussion 

analytical  method  is  presented  here,  two  results 
for  hydrazine  are  obtained  in  the  analysis  of  each  sample.  The 
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the  neutralization  at  th  atar.dard 
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Error  for  Free 


»a% 


A 

IT 


C 


Error  for  * p x C x § 

Where  ? 

A = grams  total  NpK^in  sample 
^ = grams  iree  N pJI^  in  sample 

C = average  error  for  free  from  Table  I 

D = grams  combined  as  N^NO^ 

E « molecular  weight  of  N^HJJO 

2 5 3 

P - molecular  weight  of  -N^e^ 
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22 3 Ammonia,  like  hydrazine,  is  basic  in  aqueous  solution. 
Consequently,  the  aeidime trie  determination  of  free  hydrazine 
requires  a correction  for  the  amount  of  ammonia  present  in 
the  sample « Since  ammonia  is  nearly  always  present  in  hydrazine 
solutions,  a determination  of  ammonia  is  therefore  a necessary 
part  of  the  procedure « This  ©valuation  includes  a number  of 
Samples  with  various  known  amounts  of  ammonia  added  to  the 
standard  hydrazine  solution,  up  to  1 2«5$  of  the  weight  of  . 
hydrazine . Since  virtually  all  of  these  samples  show  more 
ammonia  present  than  was  introduced  into  the  original  samples, 
and  since  the  quantity  of  this  excess  ammonia  remains  constant 
regardless  of  the  amount  of  added  ammonia,  it  is  concluded 
that  all  samples  of  the  standardized  hydrazine  solution  contained 
approximately  O0OOO3  grams  of  ammonia,.  The  results  of  the 
determinations  of  samples  with  added  amounts  of  ammonia  indicate 
that  ammonia  can  be  determined  with  an  error  of  \%  at  10$ 
ammonia  in  hydrazine,  2$  at  5$  ammonia  in  hydrazine,  and  50$ 
at  0c2$  ammonia  in  hydrazine c The  values  for  percent  average 
deviation  are  the  same  as  the  values  for  percent  errors 

23 «.  It  is  recommended  that  any  application  of  the  analytical 
method  follow  as  closely  as  possible  the  procedure  and  conditions 
of  this  evaluation..  In  addition,  sampling  should  be  dona  so  as 
to  prevent  access  of  air  to  basic  solutions  containing  hydrazine, 
since  hydrazine  reacts  with  oxygon  and  with  carbon  dioxide*  It 
is  convenient  to  use  a small  tarsd  glass  bulb  with  a long,  thin, 
drawn  capillary  stem  for  samplings  The  bulb  is  heated  over  a 
small  flame  to  expel  some  of  the  air B Immersing  the  end  of  the 
capillary  stem  in  the  liquid  to  be  sampled  permits  the  liquid 
to  flow  into  the  bul  o as  i u cools  ? The  end  of  the  capiiiarv  x s 
sealed  in  a flame  before  the  bulb  is  weighed  o Sis  bulb  is  broken  lai&er 
an  excess  of  standard  acid  with  a stirring  roci*  Since  acid 
solutions  of  hydrazine  are  not  affected  by  oxygen  or  carbon 
dioxide,  this  assus’es  that  the  hydrazine  will  not  decompose* 

2l|o  Titration  of  samples  using  standard  solutions  whose 
concentrations  differ  greatly  from  the  concentration  used  for 
the  evaluation  may  result  in  greater  error,  caused  by  changes 
in  the  pH  values  of  the  end  points  and  3_n  differences  in  the 
magnitudes  of  these  changes * It  is  suggested  that  standard 
acid  and  base  solutions  be  approximately  0*15  normal  and  that 
the  size  of  samples  bs  adjusted  so  as  to  contain  between- 0a  1 
and  0<*2  grams  of  total  hydrazine* 

25©  Figure  11  shows  that  ammonia,  concentrations  of  12 0 % 
repress  the  inflection  obtained  after  the  addition  of  acetone* 

This  indicates  that  free  and  combined  hydrazine  determinations 
are  less  accurate  at  higher  ammonia  eoncentra.t5.onso 
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Iftfcla.  I XI 

Titrations  of  Hydraslne -Ammonia  Mixtures,  pH  Meter  End  Points 


Free 


rpsnt 


O.UuOo  0.0000  0.1405  0.1406  0.0004  -0*07 

0.1406  o.oooo  0.1404  0.1403  0.0003  -0.14 

0.1406  0.0000  0.1404  0.1402  0.0002  -0.14 

0.1406  0.0177  0.1401  0.1398  0.0183  -0.36 

0.1406  0.0177  0.1392  0.1394  0.0162  -1.00 


AVERAGE 
STANDARD  DEVIATION 


-0.34 


0.00  +0.0004 
-0.21  +0.0003 
-0.29  +0.0002 
-0.57  +0.0006 
-0.86  +0.0005 
-0.39  +0.0004 


0.39  0.37  0.0003 
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Table  IV 

Titrations  of  J^drazino-Amnonia  Mixtures,  Color  Indicated  End  Points 


Sample,  grams 

Ml 


Recovery,  grams 
Free  Total 

H2% 


Percent  Error  Difference 
Free  Total  grama 
N2%  Ng%  NH^ 


0.11*01  0.0000  0.1387 
0.11*01  0.0000  0.1387 
0.1401  o.oooo  C.1390 

O.lkQl  0.0000  0.1390 
0.1391  0,0000  0*1386 
0.1391  O.OOOO  0.1385 
0.1391  0.0000  0.1380 
0.1391  0.0000  0.1376 
0.1391  O.OOOO  0.1372 
0.1391  0.0000  0.1378 
0.1391  0.0000  0.1380 

0.1391  0.0000  0.1378 
0.ll*01  0.001k  0.1395 
0.3401  0.0022  0.1392 

0.3401  0.0022  0.1388 

0.11*01  0.0027  0.1389 
o.ikoi  o.ooia  0.1399 
0.1391  0.0052  0.1393 
0.1391  0.0052  0.1392 
0.1391  0.0052  0*1365 
0.1391  0.0052  0.1381 
0.1391  0.0052  0.1381 
0.1391  0.0052  0.1383 
0.1391  0.0052  0.1389 
0.1391  0*0052  0.1386 
0.11*06  0.0177  0.3406 
0.11*06  0.0177  0.1399 


0.1395  0.0005  -1.00 
0.1392  0*0006  -1.00 
0.139k  0.000k  -0.79 
0.1396  0.0006  -0.79 
0.1392  0.0004  -0.36 
0.138k  0.0002  -0j*3 
0.1386  O.OOOt*  -0.79 
0.1383  0.0005  -1.07 

0.1382  0.0005  -1.36 
0.1383  0.0005  -0*93 
0.1385  0.0003  -0.79 
0.1383  0.000k  -0.93 
0.11*01  0.0018  -0.43 
0.1397  0.0026  -0.61* 
0.1391*  0.0026  -0.93 

0.1397  0.0032  -0.66 
o.iko?  0.0041  -0.34 
0.1395  0.00k9  +0.1k 
0.1395  0«00k9  +0.07 
0.1385  0.0053  -0.43 
0.1366  0.0055  -0.71 
0.1386  0.0055  -0.71 

0.1386  o.oo5k  -0.57 

0.1391  0.005k  -0.1k 
0.1386  0.0051*  “*0.36 
0.1405  0.0180  0.00 

0.3400  0.0178  -0.50 


-o*k3  +0.0005 
-0.64  +0.0006 
-0.50  +0.0004 
-0.36  +0.0006 
+0.C7  +0.0004 
-0.50  +0.0002 
-0.36  +0.0004 
-0.57  +0.0005 
-0.6k  +0.0005 
-0.57  +0.0005 
-0.43  +0.0003 
-0.57  +0.0004 

0.00  +o.oook 
-0.29  +0.0CQk 
-0.50  +0.0004 
-0.29  +0.0005 
+0.43  0.0000 
+0.29  -0.0003 
+0.29  -0.0003 
-0.43  +0.0001 
-0.36  +0.0003 
-0.36  +0.0003 
-0.36  +0.0002 

0.00  +0.0002 

a f • A AAAA 

■W.JU  Ty.kA JVC. 

-0.07  +0.0003 
-0.43  +0.0001 


AVERAGE 


-0.57  -0.29  +0.0003 


STANDARD  DEVIATION 


0.37  0.29  0*0002 
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.Table  V 

Estimated  Accuracy  for  Analysis  of  Mixtures  Containing  Hydrazine, 
Hydrazine  Nitrate,  and  Water  In  Relative  Percent. 

Ratio  Sample  Percent  Error 


% Hydrazine 
to 

% Hydrazine 
Nitrate 

Size, Grams 
Hydrazine 
Plus  Grams 
Hydrazine 
Nitrate 

Hydrazine 

Determina- 

tion 

Hydrazine 
■ Nitrate 
Determina- 
tion 

1:0 

0.15 

-0.6 

— - 

7:1 

0.16 

-0.6 

-7.2 

3:1 

0.16 

-0.7 

-3.6 

5:3 

0.20 

-0.8 

-2.il. 

1:1 

0.22 

-0.9 

-1.8 

3?  5 

0.26 

-1.0 

-l.lt 

1:3 

0.30 

-1.2 

-1.2 

1:7 

0.36 

-2.i. 

-0.8 

0;1 

0„k5 

— 

-0.6 
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FIG.  I BURNING  RATE  TUBE 
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FIG.  2 IGNITION  STUDY  BOMB 
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FIG.  5 TITANIUM 
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FIG.  8 POLYETHYLENE 
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